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Abstract 

Differential cross sections have beenmeasured at 

Fermilab with a focusing spectrometer for n*p. K*p. and 

p*p elastic scattering at 50, 70, 100, 140, and 175 &V/c 

incident momentum over the It! range 0. 03 to 0.8 GeV’. 
. 

The results aie smooth in.t and are parameterized by 

quadratic exponential fits. 
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This paper describes measurements of n*p, K*p and p*p elastic 

scattering in the energy region recently made accessible at the Fermi 

National Accelerator Laboratory. The reactions were studied for momen- 

tum transfers /t / from 0,03 to 0.8 GeV’ and incident momenta of 50, 70, 

100, 140, and 175 GeV/c, with about lo6 events total at each energy. 

The experiment was carried out in the Meson Laboratory at Fermi- 

lab using the single arm spectrometer in the M6E beam line. Detailed des- 

criptions. of the spectrometer and beam will, be published separately and only 

a brief description is given here. 
l 

M6E is a high-energy, high-resolution unseparated secondary particle 

beam at 2.8 mrad to the external proton beam. Each of its three stages has 

point-to-parallel-to-point optics with bending magnets located in the parallel 

regions. In the first stage collimators define the solid angle and momentum 

acceptances to maximum values of 1. 75 pster and 1.2% respectively. The 

second stage serves to clean up the beam and removes almost all of the halo. 

In the third stage the dispersed beam is momentum recombined andfocused 

to a small spot at the hydrogen target, typically 6mm by 3 mm. Five scin- 

tillation counter hodoscopes. a threshold Cerenkov counter, a differential 

Cerenkov counter, and a DISC counter’ in the third stage provide full tagging 

of the incident beam momentum, trajectory, and particle type. This allows 

the simultaneous measurement of cross sections for incident pions, kaons, 

and protons. Beam fluxes of typically 3 x 106/burst were used in this experi- 

ment. 
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The spectrometer also has point-to-parallel-to-point optics. Scin- 

tillation counters and/or proportional wire chamber cuts defined the spec- 

trometer acceptance regions of typically 5 pster, Il. 5 mrad scattering 

angle, and i 2% ApIp. Ten proportional wire chambers, a hodoscope, three 

threshold Cerenkov counters, and a differential Cerenkov counter’ were 

used for full tagging of the trajectory and particle type. For straight-thiough 

beam tracks, the rms differences between the beam and spectrometer mea- 

surements were typically * 0.0701 D m momentum and *O. 13 mrad in scattering 

angle. 

Three bending magnets located just upstream of the hydrogen target 

were used to vary the momentum transfer by pitching the incident beam in 

the vertical plane to a maximum angle of * 25 mrad. In order to maintain 

alignment with the beam as the angle is varied, the final beam line compo- 

nents, counters, hodoscopes, and hydrogen target could all be remotely ad- 

justed. The target cells, which were one-inch diameter Mylar tubes, 10 

and 20 inches long, only required a pitch adjustment to track the scattering 

angle variations, as the beam crossed the spectrometer axis at the midpoint 

of the targets. The field of the angle-varying magnets, as well as the beam 

and spectrometer momentum values. were continuously monitored with 

Rawson probes located in three-foot long monitor magnets connected in series 

with the appropriate bending magnets;. Measurements were made with both 

positive and negative deflection angles to average out any systematic errors 

caused by small misalignments. The t values were determined directly in 

terms of the magnetic field calibration to a precision of about 0. 3%. 
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Scattered events mixed with an unbiased sample of beam events were 

used as triggers. The sample of beam events permitted determinations of 

beam line detector efficiences, the beam phase-space distribution, and the 

effects of any fiducial cuts on incoming particle fluxes. A PDP-11145 com- 

puter operating under the SPEX multitask system= was used to analyze data 

online for monitoring purposes and to record the data onto magnetic tape for 

subsequent analysis. Up to 200 events per beam burst could be recorded. 

The missing-mass squared (&I:), t, and particle type were deter- 

mined for each event. Figure 1 is a typical M: distributim showing the 

separation of the elastic peak from inelastic background. The resolution 

function was known to be symmetric from straight-through runs and a fit 

was made to the M: distribution to determine the inelastic contamination 

under the elastic peak. Typically, this background was 3% and was known 

to about 1%. 

Under most running conditions the contamination through misidenti- 

fication of the incoming particle type was small and well determined. Muon 

and electron contaminations of the incoming beam were measured indepen- 

dently and were each -1%. 

The total detection efficiency of the spectrometer system including 

the wire chambers was typically 95% and the absolute efficiency was known 

to about +l%. The presence of two simultaneous incoming particles was 

virtually eliminated by requiring only one particle in the beam line hodo- 
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Corrections for decay-in-flight and attenuation in the target were 

calculated, and also measured from the transmission of the straight-through, 

unscattered beam into the spectrometer. Small corrections were applied for 

multiple Coulomb scattering, double nuclear scattering, and Coulomb inter- 

ference.effects. Radiative corrections were made according to the pre- 

scription of Sogard, 
4 

and were a few percent for pions and considerably less 

for kaons and protons. 

The spectrometer solid angle was calculated from the known magnetic 

and geometric properties of the spectrometer and verified by direct mea- 

surement at each momentum. An overall check of the normalization was 

made by comparing our pp results with the data of Bartenev et al. 
5 

at 

,t I= 0.09 GevZ. Agreement was found within 3%. 

The pion and proton events were restricted by cuts to a well-under- 

stood region of the spectrometer to give absolute cross sections. The low- 

rate particles, K 
* 

and 5, were accepted over the entire aperture of the 

spectrometer and the corresponding solid angle obtained from the pion and 

proton fluxes. 

The overall normalization uncertainty is l 3%. independent of t. In 

addition, there is an uncertainty increasing from f. 1% at small t to +6% at 

0.8 GeV’ due to uncertainties in the inelastic contamination, the double- 

scattering corrections. and the determination of the scattering angle. Decay- 

in-flight corrections were only significant for kaons. and at 50 GeV/c (where 

25% decay in the spectrometer) there is an additional 3% systematic uncer- 

tainty. 
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Our differential cross section data in the range 0.03 s (t [ s 0. 8 GeV’ 

cannot be fit with a simple exponential, but may be represented by 

dr 2 
T = A exp (Bt + Ct ) . (1) 

This form gives a good representation of the data and a typical set of fits is 

shown in Fig. 2. Table I lists the parameters of these fits. Our results at 

50 GeV/c are in good agreement with those from Serpukhov 6.7 
at 40 and 

50 GeV/c, and with the optical points derived from total cross section~mea- 

‘8 
surements. 

Table I also includes the logarithmic slope parameters defined as 

b( it I) = ; (In%) = B - 2C /t 1 , 

evaluated at 0.2 GeV’. Figure 3 shows that our values for b(0.2) connect 

smoothly to previous results 6.7 at other energies. The r* and K- slopes 

show little energy dependence, while the K+ and proton slopes are gradually 

increasing. 

While the data for all reactions studied are well described by the fits 

to Eq. (l), other forms such as piecewise linear exponentials, as suggested 

by Carrigan’ and CERN ISR data, 
10 

are also possible. The values of C 

listed in Table I indicate a decrease in the iogarithmic slope Pb = 2CAt * 2 

GeV 
-2 

m going from It 1 = 0.1 to 0.5 GeV’. 

The crossover points, where particle and antiparticle have equal 

cross sections, were calculated from fits to Eq. (1) using data with 

It / < 0.4 GeV’. Our K*p and p*p data are consistent with crossover points 

in the range (tl = 0.15 + 0.08 GeV’, with no obvious energy variation. This 
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2 
is similar to the values of 0.19 and 0.16 GeV observed previously l1 in the 

region 3 to 6 GeV/c for K*p and p*p, respectively. 

We would like to thank the many people at Fermilab who have con- 

tributed to the successful construction and operation of the Single Arm Spec- 

trometer Facility. We would also like to express appreciation to our tech- 

nical support personnel for their invaluable assistance in the instrumentation 

of the facility. 
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Table Caption 

Table I. Results of fitting the differential cross sections to Eq. (I) 

A, B and C are from fits to data out to It) = 0.8 GeV’; only statistical errors 

were used for the data points, while the optical theorem point (Opt. Pt., 

Ref. 8) was included with a +=3% error to account for the uncertainty in 

absolute normalization. The values of the logarithmic slope at it, = 0. 2 GeV’ 

2 
were found from Eq. (2) using fits to data with It j < 0.4 GeV ; the errors 

shown include a systematic error of 50. 15 GeV 
-2 

added in quadrature to the 

statistical errors. The total elastic cross sections were obtained by inte- 

grating fits (with A fixed to the optical point) out to !t i = 0. 8 GeV’; a small 

correction was made for contributions at larger t by assuming a constant 

logarithmic slope at it ( 2 0.8 GeV’. 

Figure Captions 

Fig. 1 Missing-mass squared distribution showing the elastic peak for “+p 

at 70 GeV/c for 0.04 5 It! s 0.18 GeV’. 

Fig. 2 Differential cross sections for elastic scattering at 100 GeV/c. The 

optical theorem point is shown at t = 0. The error bars for many 

points fall within the symbols. The curves are best fits to Eq. (1) 

with the parameters listed in Table I. 

Fig. 3 Logarithmic slopes at Iti = 0. 2 GeV’ as a function of 6, the total 

energy squared in the center of mass. The lines are drawn only 

to guide the eye. Data sources: II = Ref. 6; C, a = Ref. 7; 

a, A = this experiment. 
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